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Abstract 
Recently, smart glasses have been applied in field work, with which a worker goes well during work by contacting a support 
operator from a remote location. The worker, however, cannot go well if the support operator is not there. To solve the issues, the 
paper discusses how a work system should be developed by integrating smart glasses with a question-answering module. We 
design the work knowledge acquired from skilled people and manuals as a work flow, rule base, goal tree, domain ontologies and 
RDF data. Workers follow work process by referring to the work flow, referring to multimedia, and receiving answers from the 
question-answering module incorporated with a knowledge base for questions that are raised during the work. The authors 
conducted a demonstration experiment and found that workers could perform the work more autonomously by importing the 
system.  
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of KES International. 
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1. Introduction 
There is a rise in the development of smart glasses, which are one of wearable devices, and the market of 
wearable devices is expanding. Smart glasses are expected to be used in the work field owing to its features—“a 
user can check information without using the hands” or “a user can share his/her viewpoint that with a person in a 
remote location”—and has started to be imported into the work field. Many work systems using smart glasses have 
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been reported, in which workers mainly use them for referring to manuals and work items displayed on the smart 
glasses while performing work and receiving solutions provided by a support operator in a remote location through 
them. The current usage, however, has problems that: “the support operator always needs to stand by” or “the 
support operator must be well-informed about the work.” Because skilled people who can support workers from a 
remote location are limited in number, it is difficult to build an environment in which solutions are always provided 
for workers. If a skilled person is unavailable as a support operator, the smart glasses only display manuals and work 
procedures. As another point, engaging a support operator is costly. Considering these issues, the authors aim to 
develop a work support system that can answer workers’ questions even when a skilled person is unavailable as the 
support operator. The authors acquired work knowledge mainly from interviews with skilled people and manuals 
and developed a work flow showing work procedures, a rule base defining work rules, the goal tree to pursue 
correctness of the work rules, the domain ontologies that defines meanings of concepts, and the knowledge base that 
is based on it. Workers follow procedures to perform work by referring to the work flow, referring to multimedia 
such as video and still images for specific work methods, and receiving answers from a question-answering module 
incorporated with a knowledge base that is based on the domain ontologies for questions that are raised during work. 
The paper proposes problem solving by “communication between a person and a system” instead of 
“communication between people.” A case study involves an operation handling malfunction of an ETC lane at an 
expressway company. An ETC is a system to automatically handle payment of tolls for expressways using a 
wireless communication technology, and a traffic lane installed with the ETC is called an ETC lane. This study 
develops and evaluates a system specialized for this operation, but the system itself can be converted for general 
purposes by preparing the domain ontologies and its knowledge base for each work type. The authors analyze the 
contents of the work support by the proposed system and show its usefulness.  
2. Related work 
Many head-mounted displays (HMD) installed with function to support field workers by a supervisor in a remote 
location have been reported since the first type of HMD became available on the market [1, 2]. These HMDs 
basically require the availability of a person in a remote location and become simple displays if no one is available 
on the other end. Based on this premise, Sagawa [3] developed a remote support system for a supervisor in a remote 
location to give effective directions and guidance to workers as well as understand the situation in the work field 
effectively. Many other studies [4–6] on remote support have been conducted, but those studies always require the 
availability of a person in a remote location. In these studies, the system cannot be used if the supervisor in the 
remote location is unavailable because she/he supports the operator. If the operator is to stand by, human cost also 
must be considered. In this study, because the know-how of the supervisor and matters related to the work are 
systematized as the knowledge base, the system can answer questions of workers and support the work without 
keeping the supervisor in a remote location. This study is different from existing studies in the sense that the system 
rather than a person supports the work through the smart glasses.  
3. Work support system using smart glasses 
3.1. System overview 
This section describes a work support system using smart glasses. Figure 1 shows a proposed system 
configuration diagram. In this study, the field work refers to work requiring physical motion, and knowledge in such 
work includes not only formal knowledge such as manuals and work items but implied knowledge such as know-
how and skills in the work. The work knowledge acquired from interviews with skilled people and manuals was 
used to create the work flow showing the flow of the work, the rule base describing the work rules, the goal tree 
pursuing the work rules, and the domain ontologies comprising components of the knowledge base. In the 
knowledge base, questions that workers are thought to have during the work are described through the work analysis 
and based on the domain ontologies. Workers using the system are assumed to be novices and people with 
intermediate skills experiencing difficulties in working autonomously. This is because people with advanced skills 
or skilled people can work efficiently without support from the smart glasses.  
1774   Ryutaro Nambu et al. /  Procedia Computer Science  96 ( 2016 )  1772 – 1781 
Work flow 
Goal tree 
Rule base 
ዘSkilled people 
ዘManuals 
ዘField research 
ዘField experience 
ዘDocument analysis 
Multiple Knowledge Base 
Worker 
Smart glasses 
ሇ ሇ ሇ ሇ ሇ ሇ 
Work  Process ontology 
Device ontology 
Domain ontologies 
RDF data 
Question-
answeringᇫ 
module 
Multimedia 
 
Fig. 1. Proposed system configuration diagram 
In mounting the system, voice-controlled operation is set to be available so that hands-free operation, which the 
smart glasses feature, can be used. The workers can acquire necessary information from the smart glasses with 
minimal operation. Basically, information acquired from the question-answering module is displayed in the screen 
of the smart glasses but also provided byvoice if the voice such as multimedia can support the work.  
3.2. Smart glasses 
In this study, a MOVERIO BT-200 by Seiko Epson Corporation was used. Features of these smart glasses 
include a controller on the headset and the Android 4.0 platform. The controller, which improves the operability, is 
operated by hand and eliminates “hands-free” operation if used during the work. Therefore, the workers used the 
controller only when launching the application and operated the system by voice recognition through the earphone 
microphone to realize “hands-free” operation. The work support system was made to be launched by the smart 
glasses as an Android application. 
3.3. Multiple knowledge  
As knowledge sources on which to build the multiple knowledge, the authors made use of configuration failure 
data, maintenance manuals of the device, interviews with skilled people, and actual work experiences. The authors 
built the work flow, the rule base, the goal tree, and the domain ontologies and its knowledge base using these 
knowledge sources and obtained multimedia such as video and still images acquired from work experiences. This 
section describes the detailed multiple knowledge. Table 1 shows the multiple knowledge and its scale. 
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   Table 1. Multiple knowledge and its scale   
Number of work flows 13 
Number of judgment rules 47 
Work Process ontology Number of classes 23 
Number of instances 81 
Number of triples Approx. 
500 
Device ontology Number of classes 16 
Number of instances 64 
Number of triples Approx. 
400 
Number of videos 67 
Number of still images 128 
 
3.3.1. Work flow 
The work flow is a visualized flow of the work and can be used to understand its progress and problems. 
Specifically, it can be used to prevent careless mistakes such as wrong work procedures, show information 
necessary for handling the work clearly, simplify progress management, and optimize the work. It allows novices 
and people with intermediate skills who are targeted for the study to understand the work flow correctly. The work 
flow is work knowledge that the workers should understand first. Workers cannot determine what to do if they do 
not know the work procedures. Therefore, the work flow is shown to the workers as premise information.  
In the operation of the case study, the workers checked the work procedures using print media before importing 
the proposed system. Working with the print media in their hand may reduce safety and work efficiency because 
they often must use both hands in the work field. Therefore, the work flow in print media was digitized for display 
on the smart glasses so that the workers could use both hands for the work in this study.  
3.3.2. Rule base 
The rule base is the work rule when the work flow diverges. Some work may diverge in the work flow, and 
others may require different work depending on the situation and the environment rather than routine work. In such 
cases, novices can refer to the rule base and acquire information about the work rules.  
3.3.3. Goal tree 
The goal tree defines grounds and reasons for the work rules. Simple work rules such as “If condition A is 
observed, conduct Į” or “If condition B is observed, conduct ȕ” are defined in the rule base, and the grounds and 
reasons of the work rules such as “why Į needs to be conducted if condition A is observed” or “why ȕ needs to be 
conducted if condition B is observed” are described in the goal tree. Descriptions of the grounds and reasons enable 
novices to understand “why they must perform the work by following these rules.” Further, because the novices can 
understand the background of the work and fix flexible knowledge in their brain, they gain the ability to handle 
unknown cases.  
3.3.4. Domain ontologies 
The domain ontologies built from the acquired work knowledge is composed of a work process ontology and a 
device ontology. The work process ontology defines information related to the work such as precautions and 
required tools in the work. The device ontology defines information on the location of a device or function to be 
handled. Both the work process ontology and the device ontology describe answers to questions that novices would 
have during work. Those questions are sorted by the authors based on the acquired work knowledge. The properties 
of the work process ontology and the device ontology are listed in Table 2. Figure 2 shows an example of the 
created domain ontologies and its instance property network.  
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Table 2. Property list of work process ontology and device ontology  
Work Process ontology Device ontology 
Property Value Property Value 
Video Indicates URL showing a work 
situation 
Image Indicates an image showing a state 
of the device to be handled 
Image Indicates an image showing a state of 
the device to be handled 
Related device Indicates devices relevant to the 
device 
Related work Indicates work relevant to the device Features of device Indicates features of the device 
Work precautions Indicates things to be paid attention 
during the work 
Functions Indicates what kind of function the 
device has 
Necessary tools Indicates tools necessary for the work Location Indicates the location of the device 
Normal value Indicates a normal value in 
measurement or confirming the state 
LED display Indicates the reason that the 
LED on the device is displayed 
Target device Indicates the device to be handled Formal name Indicates name of the device in the 
design specifications 
Work reason Indicates why this work is necessary Connected devices Indicates other devices connected to 
the device 
Expected abnormal 
states 
Indicates abnormal situation in the 
work 
Components Indicates components constituting 
the device 
Work completion 
condition 
Indicates condition regarding the 
work as complete 
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Fig. 2. Domain ontologies and its instance property network 
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3.3.5. Multimedia  
To support workers with more than character information, multimedia (video and still images) were prepared. 
The authors recorded how skilled people actually performed the work on video, edited it, added explanations, and 
linked it to the work process ontology. For still images, the authors added character information, which was thought 
to be helpful for the work, to photos of the device and the work so as to associate the work process ontology with the 
device ontology. The authors consider that video would be more helpful than still images while conducting work 
and thus programmed the system to display video as much as possible. If no video is available, still images are to be 
displayed.  
3.4. Subject work of study  
The operation of handling the malfunction of an ETC lane is to identify which part is damaged and solve the 
problem accordingly. Various devices are installed in the ETC lane, any of which can malfunction. 
No operation manuals are prepared—only maintenance manuals for the devices. Service engineers conduct the 
work by relying on their experience and knowledge. Novices can learn knowledge only through actual work because 
no operation manuals for handling malfunctions are available. However, have few chances to do so, which means 
that they lose the opportunity to learn work knowledge through actual work because the ETC device itself has been 
updated and breaks down less frequently compared with previous ones owing to its improved reliability. In addition, 
if a device malfunctions, service engineers become busy repairing it day or night, so skilled people may not be able 
to go to the site and assist. In that case, a system based on the proposal is expected to support unskilled workers.  
3.5. Expected scenario of application 
Figure 3 shows an expected scenario flow of using an application that supports the operation. (1) Select an alarm 
that currently occurs on the initial screen; (2) look at the work flow displayed according to the selected alarm, and 
select the work to perform; (3) select judgment rule information if information about the divergence of the work 
flow is required; (4) select detailed work content to perform when displayed according to the previously selected 
issue; (5) perform the work while referring to the displayed multimedia information of either video or a still image 
on the screen; (6) select a question and refer to the displayed answer if the user has a question during the work. 
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Fig. 3. Expected scenario flow when using application that supports operations handling malfunction of an ETC lane 
1778   Ryutaro Nambu et al. /  Procedia Computer Science  96 ( 2016 )  1772 – 1781 
3.6. Question-answering module  
In this question-answering module, the workers are given the work flow and the multimedia in advance. When 
the workers conduct operations following the application, they are to go through the work flow, and multimedia 
information is to be displayed on the smart glasses. They will conduct the work while referring to the multimedia 
and press the earphone button to launch the question-answering module when they have problems. The question-
answering module is not the module to which workers freely ask questions by voice but one with which the system 
shows the list of questions. Answers are displayed on the smart glasses as text by calling an appropriate number in 
the list. This is because questions may not be entered correctly if the system accepts free questions. In addition, 
answers are displayed in text because the authors thought that workers might miss information given audibly owing 
to the noise of cars and wind in an actual work field.  
The question-answering module has mechanisms to run the program and create a query based on the contents of 
the selected number entered by the voice input through the smart glasses and obtain the answer based on the query 
from the knowledge base—namely, the property of the domain ontologies by connecting to the external sever. 
Because each question list has function to collect logs, and questions are sorted by how many times they are referred, 
questions often asked by novices are set to be displayed at the top. Figure 4 shows a flow with which a worker 
launches the question-answering module by pressing the earphone button and receives the answer.  
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Fig. 4. Flow of question-answering module 
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4. Case studies 
This section describes the case study, the operation for handling the malfunction of an ETC lane. Because this 
study was conducted using ETC lane facilities with the cooperation of the expressway company, the authors 
developed application specialized for this purpose and evaluated the system. The authors (1) analyzed manuals, 
studied actual work fields, and interviewed skilled people to create the knowledge base; (2) created an application to 
support the workers based on the proposed system; and (3) carried out the evaluation experiment of the application.  
4.1. Experimental methods 
For the experiment, the authors made a request to two workers who have no experiences on handling malfunction 
of the ETC for cooperation and have them each wear the smart glasses. Specific experimental methods are (1) to 
have the workers wear the smart glasses and carry out the work referring to the multimedia information (video and 
still images) and character information describing the work contents displayed on the screen, (2) to confirm that they 
understand the work information (information of the domain ontologies) which can be acquired from the question-
answering module in the case that they could conduct the work and (3) check if the workers can conduct the work 
with additional information to the question-answering module in case they could not complete the work.  
4.2. Experimental results  
Table 3 shows the experimental results.  
      Table 3. Experimental results 
 Number of cases 
worker A 
experienced 
Number of cases 
worker B 
experienced 
Percentage of 
work category 
(%) 
Tasks that a worker could complete without the 
question-answering module 
5 2 32 
Tasks that a worker could complete without the 
question-answering module but did not understand 
1 2 14 
Tasks that a worker could complete with 
information from the question-answering module 
3 2 23 
Tasks that a worker could not complete even with 
information from the question-answering module 
4 3 32 
 
“Tasks that a worker could complete without the question-answering module” in Table 3 refers to work that a 
worker could complete only with multimedia information (video and still images with explanation). Such work 
mostly comprised simple tasks such as turning on or off the breaker and did not require complicated operation, so 
they could perform the work sufficiently with only the multimedia information.  
“Tasks that a worker could complete without the question-answering module but did not understand” in Table 3 
refers to work that a worker could complete only with the multimedia information but did not understand the 
information of the domain ontologies that was not displayed on the screen. This means that they could perform the 
work by following texts and multimedia information in some way but did not understand what they were doing. 
Because understanding work is important, the worker should understand information on the domain ontologies to 
which the question-answering module can still contribute. The worker could complete the work only with the 
multimedia information and character information because every task was simple. However, because s/he did not 
understand the work contents, s/he concentrated on the display and did not consider the reasons. Questions may 
occur to people with intermediate skills that can be handled by the question-answering module.  
“Tasks that a worker could complete with information from the question-answering module” in Table 3 refers to 
work that a worker could not complete with only the multimedia information but could perform by solving the 
question with the question-answering module (information from the domain ontologies), which means that the 
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question-answering module contributed to the work. Because the work contents of such work lack information such 
as location information, the normal state, or necessary tools, they could not complete the work.  
“Tasks that a worker could not complete even with information from the question-answering module” in Table 3 
refers to work that a worker could not complete even when the multimedia information and information on the 
domain ontologies were displayed. The information was clearly insufficient for all tasks. Specifically, the workers 
were unable to complete tasks owing to the lack of content in the multimedia information.  
According to Table 3, the workers could complete 46% of all work without the question-answering module and 
69% of all work with the integration of the question-answering module. Therefore, the authors claim that the 
question-answering module allowed the workers to carry out 1.5 times more tasks, thus demonstrating its usefulness. 
Further, it is difficult to say that the workers understood the work contents exactly for the 30% of the tasks that they 
could complete without the question-answering module, to which the question-answering module can contribute. 
4.3. Consideration 
Table 4 shows the number of questions handled by the question-answering module during the study.  
Table 4. Percentage of correct answers 
Question type Number of correct 
answer 
Total number of 
answers 
Percentage of 
correct answers (%) 
Location information 2 6 33 
Necessary tools 2 2 100 
Normal values/states 3 4 75 
Functions of device 2 2 100 
Sensory information 0 1 0 
Total 9 15 60 
 
 
The question types such as the necessary tool, the normal value/state, and the function of the device are those that 
the workers could understand only with character information. On the other hand, information contents that are 
difficult to express verbally, such as location and the perceptual information, were insufficient to make the workers 
understand. As a whole, the application could handle 60 % of questions from the workers. For the location 
information, visual support such as multimedia and the AR is thought to be useful. For the perceptual information, it 
is likely to be useful to show how skilled people carry out the work on video. In this experiment, most of the work 
was relatively simple and did not require complicated operations, but the multimedia information was required 
(especially video) to be enhanced for more complicated work.  
5. Conclusion 
The workers could carry out 1.5 times more work when using the smart glasses integrated with the question-
answering module compared with those using the ones without the module. In addition, it cannot be said that the 
workers fully understood the work content for 30 % of the tasks to which the question-answering module could 
contribute. Meanwhile, it is difficult to say that the system could display sufficient information on the location and 
perceptual questions from the workers. For these, enhancing the multimedia information and importing the AR 
function would be better than displaying information as text.  
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